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1. Introduction

XML has been recognized as a useful format to represent
genome data. Until now, several XML-based markup lan-
guages for genome data have been proposed. They include
GAME[7], GeneX[8], BioML[1] and GXML/GQL[17, 18].

To achieve XML-enabled wide area search, every
database site is required to provide a standard query inter-
face. There are two types of such query interface; one is
system-oriented, and the other is human-oriented. System-
oriented query interface means a formal XML query lan-
guage interface such as XQL[13], XML-QL[3, 4] and
Quilt[14, 2]. Whereas, human-oriented query interface is
those which are similar to current HTML search engines.
In this research, we are studying the following two issues
about storage and retrieval of large volume of XML data:

1. An XML database system supporting a system-
oriented query interface, where the query language is
XPath[22].

2. An XML search engine supporting a user-oriented
query interface.

2. An XML Database System – Path Approach

There have been several proposals on approaches to
XML databases. They can be classified into the follow-
ing three categories: i) development of dedicated XML
databases, ii) use of object-oriented databases, or iii) use
of relational databases. Among these, we consider the ap-
proach iii) is most promising for the following reasons:

1. We can utilize the functionality of query optimizers of
relational databases for processing XML queries.

2. Currently, a large portion of non-XML data is stored
in relational databases.

The basic logical data structure of XML data can be re-
garded as a tree. When developing a relational database for
XML data, the main issue is how to map tree data struc-
tures into relational schemas. One of the important charac-
teristics of Genome databases is that they are highly evo-
lutional. Therefore, database schemas are updated very
often. If data was represented in XML, this implies fre-
quent changes of DTDs. For example, the DTD of Genome
Annotation Markup Elements (GAME), which is used in
Drosophila Genome Project, has been updated several times
for a relatively short period. Hence, it is desirable the re-
lational database schema for storing XML data is immune
to the change of DTDs. Unfortunately, many mapping
schemes[6][15] proposed so far lack of this immunity. We
have developed a scheme[16] of mapping XML data into
relational tables. We call the scheme as path approach since
the basic idea is to store paths from the root to nodes as a
character string in a relation table. The principal advantages
of the path approach is i) that complex path expressions are
transformed into string value comparison in SQL; and ii)
that the expressive power of SQL need not be extended. We
are now planning to extend this scheme in several possible
directions. They include: incorporation of indices suitable
for CLOB (Character Large OBject) data such as sequence
data; support of XLink[20] and XPointer[21]; and support
of indices for efficient handling of update[11].

3. Utilization of Structural Information in
XML Search Engines

Although system-oriented query interface is necessary
for application programmers developing systems for XML
enabled wide area search, the majority of database users
will simply be end-users who are not familiar with formal
XML query languages such as XPath. From the observation
of current HTML search engines, we learned the average



number of query terms is between 2 and 3[10]. We foresee
end-users’ queries will tend to be terse also in XML search
engines. The issue here is how we can utilize the structural
information of XML data, in queries, ranking and output
of search engines. We are studying methods for identify-
ing appropriate result subdocuments for a simple class of
queries[12]. The basic assumption here is we cannot expect
end-users understand all the details of DTDs. However, it is
quite likely end-users know common tag sets such as Dublin
Core[5]. Hence, the queries we consider consist of pairs
of element names and terms. Much studies have already
been carried out for query languages and query processing
of XML data. However, they almost overlooked the integra-
tion of document logical structure data and vector data. The
latter has been extensively used in traditional information
retrieval community. We are now developing XML doc-
ument ranking mechanisms which takes into account both
document structures and document vectors[19] [9].

4. Conclusion

We hope our ongoing research on XML databases and
XML search engines are relevant to and useful for handling
a variety of genome data. Through the discussion at the
Workshop, we hope we can identify the strength and weak-
ness of our techniques for storing and querying large vol-
ume of genome data.
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